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® Additives for oilfield cements and corresponding cement sJujtIos. 

(g) The iiiventfon concerns cement slunfes containing silica and more particularly those containing micro^Hca. 

Pdymetamine sulfonate Is used as the dispersing agent Contrary to cunrenBy-used dispersing agents, this 
agent is capable of compensating for the serious (fifflcultles caussd by the presence of sQIca in circumstances 
requiting its use. 
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Additives fdr oilfidid cemanta and corraspondlng cement elurrtes. 



TO8 Irrventfon concerns camenl slurries used in the cementing of weils, particularly tor (A\, virater, gas. 
geolhermic bore holes, and similar wells. The spaclafist understands "cementing" to mean the pumping of 
slurry Into the well tubing, tollowed by Its rise In ttw well annulus, In which the cement must set and thus 
consoHdate the tuWng. Pressure, temperature, and pumping condWona are known to make this a delicate 
5 operation. Very speclai^cement slurrfes must therefore be produced which contain addWves to make them 
suitable for the partteular conditlone Imposed by each well and by the nature of the geological lomtatlons 
taraversed. 

One currently-used dispersing agent Is the condensation product of naphtalene sulfortic acid and 
fbrmaldehyde, , . , u 

70 This well known agent (polynaphthatene sulfonate or -PNSI. and parHcularly Its sodium salt 
("NaPNS"). are entirely satisfactory In many cases. 

Its is known that the rheological performance of camaiit slurries^ dBPertds heavily on the waterfcement 
ratio. If this ratio decreases, a dispersing agent le required to maintain an acceptable viscosity, l.e. to ensure 
that the slunrtes remain pump^le. 

IS When silica Is added to cement slurries, the compressive strength of the cement Is Increased, 
particularly at hi^ temperatures. Tlie addition of sIHca also Increases the cemenfs viscosity and therefore 
requires a supplementary additton o1 dispersing agent(s). The slurry quality bIso greatly depends on the 
grain size of the sIHca added. The finer the silica, the higher the viscosity. When micro-sllica (average 
particle dimension between approximatlvely 0.05 mierori and S micrw is) Is used to lighten the slurry to 

20 prevent the movement of gas into the annulus. or to increase ttie compressive strength of the micio-silica, 
then the correct dispersion of the cement particles and the slurry viscosity become problems wMch are 
unsolvabie with known dispersing agents such as PNS. 

In the present text, ■ nteo^lllca' shall designate the mlcro-sI8ca itself, as well as colloidal silica, silica 
flour, diatomaceous earth. Tjy a^ , a/Td similar products having the desired particle cflmenslon of approx. 0.1 

26 to 2 microns, preferably approx.O.I micron. Snce the use of micro-slllca offere Important technical 
advantages, the oil industry has a real need for a cement slurry which comains the required proportion of 
micro-snca (up to approximately 30% QWOC. preferably 15% BWOC ^ BWOC = "by weight of cerhentT 
and which can stlD be used In the field (i.e. which offers rheological parameters within the known limits for 
correct pumping, correct slurry piacemont. comsct drilling mud placement, and which presents good 

o» cementing characteristics such as mechanical strength, bonding to tubing and rock. etc.). No such slurries 
have been produced using traditional dispersing agents such as PNS. 

On the other hand, a diemical neighbour to PNS, and synthesized in srmilar manner, has been shown 
to surprisingly behave very differently from PNa The dispersing agent used m this Inventton conslte of a 
condensation product of melamlne sulfonate and formaldehyde (polymejamine-sulfbnata. designated as 

as "PMS"). 

This polymelamine-sulfonate may be found in the form of a sodium salt ("NaPMS"). The sodium salt is 
preferable, but other metallic salts are acceptable (e.g. potassium, calcium), as well as ammonium salts. 
The above term shad also cover potymelamlne^sulfonlc add. 

It can be seen in table I below that an aqueous sokrtion ol PNS (40% by weight PNS) is incapable of 
40 dispersing cement slurries of 1.94 Kg/1 (16^ pounds per gaikwi) containing 11% silica BWOC. even when 
the PNSMater solution Is applied at 26.8 i/T (=03 gallon/sack of cement-ga!/sack). 

On the other hand, the same table 1 shows that an aqueous solution of PMS which is 20% PMS by 
weight is satisfactory (ue. gives satisfactory rtteok^ical perfomftance). and this at -a lower concentration 
(approximately 8.6 at 13.3 1/T, or approx. 0.1 at 0.15 gal/sack). 
45 Table II below shows comparative results obtained from calorimetry tests. A •Thermanalyse" calori- 
meter at 25'C (77*r=) was used with API dass "G" "CEMOIL" cement slurries having a density of 16.2 
ppg (1.94 gfcxri^) in deionized water. 

The *PNS" In this table Is a 40% by weight aqueous sdufton of polynaphthalene-sulfonate and the 
"PMS" is a 20% solution of polymelamlne-sutfonate. 
so It can been seen that the PMS has a lower retarding effect than does the PNS. This is a considerable 
advantage. 

Table III below shows tha comparative results of PNS/PMS tests In the presence of a cellulose fluid 
loss-control agent . It can be seen that PMS produces a clear Improvement In yield value and thickening 
time. Once again, PMS has a lower retarding effect on the setting of the slunles. 

API class "Q" "OYOKERHOFF* cement slurries In deionized water at a density of 15.8 ppg (1.69 
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g/cm3) wore used in these tests. ^ 

The concentration of the flufd loss^ontrol agent In these tests was 0.7% BWOC. The PN3 ooncentra* 
tlon was ai6 gal/sack (14-2 VT), and that of the PMS was 0.32 gaUsack (28.4 l/T). 

Hie test was conducted accpnllng^to Schedule 5G8 Wr the setting time. Rheotogfcal tests were 
5 perfonned after 20 mfnuies at 160* F (71*0)- 

Table W below shows the comparative results of PNS/PMS tests with an API class "H- cement 
The (est conditions were the following : 
Temperature : 120* P (49* C) 
Schedule : 4Q7 
70 Cement : "Grfnd 1-87 C ITTS* 
Mix water : deionized 
- Dispersant concentrstlon : 
• PNS : 0-1 gal/sack (83 yJ) 

. PMS gal/sack (17.8 l/T), ^, . ^ . . 

IS It can be seen that the PMS has a much lower retarding effect on class H cement which Is strongly 
retarded by PNS. 

The value marked f) were calculated without the 300 and 200 rpm values. 

Table V below shows the comparative results for PNS/PMS in a heavily sailed medium. 

These tests were run on API class "Q- "WELLCEM" cement dionlzed water, 30% NaCI BWOW (by 
20 weight of water.) at 80* F (27* C), and at a density of 16^ ppg (l .89 g/cm^). 

It can be seen that the PMS presents very good rheologlcaaJ perfbrniancs (low yield value and low 
plastic viscosity). On the other hand, PNS gives high values from these two parameters. 

It has also been found in accordance with the Invention that the new additive obtained by combining a 
known fluid loss-control agent .(hydroxyethyl cellutose or HEC) with PMS is very advantageous In oompari- 
25 son with the conventional use of PNS, especially as addWve for saturated salt cement slunlers and hlght 
temperature cement slurries. The solid or liquid form or a solution, e.g. a 40% aqueous solution, may be 
used. 

The following examples Illustrate the present Invention and should not be considered as limiting the 
scope of the bivention. 
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EXAMPLE I 



95 Saturated salt cenwnt slurries 

VWIh the slags prepared in a NaO saturated water, particularly if a cellulose derivative Is used to lower 
the fluid loss, the rheoksgy can be reduced significantly by adding PMS. 
40 It can be seen from the following table that Ihe yield value is much tower wHh PMS than with PNS. 

Saturated salt cement slurry 

4S 

Cement : "Dyckertwff Gulf (class G) Hydroxyethyl cellulose 0.7% (BWOC) 
Dispersing agenl : PNS 0.18 (14.2 IH) or PMS 0.32 gal/sadc (28.4 ITT) 
Base fluid : saturated salt-water 
Temperature: 160* F (71* 0) 
60 Density : I5.a ppg (1896 g/t) 
API Standanl : 568 



ss 
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TY Yield valu8 
lbs^0OsqR(Pa) 


PV Plastic 
viscosity cP 


10min.gel(API 
Standard) 


Gel in the 
cup 


PNS 


30 (14) 


33 


18 


Yes 


PMS 


9{4) 


56 


36 


No 



Note : 8W0C 8 tyy weight of cement 
Yd EXAMPLE 2 



Cement slurries tor higM-temperatufo wells. 



When very hot wells, even shallow wefls, e^. steam inlacHon welts* are being cemented it Is necessary 
to add 35% ol silica to the cement sluny In order to prwent the set cement from losing In strength by the 
high temperature of steam. Adding silica results In high rheotegy. which make necessary to add gieal 
amount of dispersing agent to reach acceptable pumping conditions. In case PNS Is used, a very long 
so setting time and a bad development of the early compressive strength for temperatures lower than 60 C 
(140 ' F) are entailed. Nevertheless with PMS it is possible to reach setting time values lower than 5 hours 
and 16 hrs compressive strength values higher than 3000 psi (210 kg/cm^ which are not obtained with 
PNS. These results are set out in the table below.' 

25 

Typical cement slwiy used for a steam injection well. 

Cemam : Dyckerhoff G "Quir (tropical grade) 

Base Rtdd : m^s water 
30 Hydroxyethyl cellulose : 0.25% 8W0C 

Silica : 35% BWOC 

Setting accelerator : NaOt 6% BWOC 

Density : 15.6 ppg (1872 g/I) 

BHCT:100'F(1) ^.S'C) 
35. BHST:13rF{2)(5S''C) 

API Standard : 4QS 



40 





PNS (0.25 Gal/sk) 


PMS (93 
Qal/sk) 


Ty gbs/tOO sqft) (Pa) 
Pv (CPs) 

10 min. gel (ibs/100 sqfQ (Pa) 

Sedhnentation 

Fluid toss API (cc/30 min.) 

Setting time 

Compres^ve strength 16 hrs API 


17.7(8) 
62 

34 (16) 
No 
632 

more than 420 min. 

0 


2.3 (1) 
63 
12(6) 
No 
176 
265 min. 
3000 pst 



EXAMPLES 



Cement siuny 

55 

(1) 'Bottom hole circulation temperature. 



(2) Bottom hols static temperature 
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Cement : Dyckerhoff "Gulf (Class Q) (tropical grade) 

Hydroxyethyl eeUidose 0.7% (BWOC) 
6 Dispersing agoRl: 

PNS 0.16 (14^ l/t) or 

PMS 0.32 gal/sack (28.4 

Base fluid : deionlzed water 

Temperature : ISO* F (71* C) 
JO Density : 1 5.8 ppg (1 898 g/I) 

API Standard : 5Gd 

BWOC : by w^ght of cement 
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Dispersing 
agent 


Yield value 
lbs/100sqft(Pa) 


Plastic 
viscosity cP 


lOmIn, 
gel 


Setting 
•time min. 


Fhildl083 
mt/30mln 


Qelinlhe 
cup 


PNS 


4(2) 


67.99 


- 5 


294 


30 


NO 


PMS 


2.26(1.1) 


72 


7 


194 


20 


NO 



25 



SO 



35 



40 



45 



50 



55 
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TMLB, I 

" API Class G cement slurries at 1.94 kg/1 
(16.2 ppg) (cement/water ratio) 

- Test at 74*C (165^) 

* Composition : 11% micro-silica BWOC 

5«3 1/T setting retarder 
* (0.06 gal-*sack) 
-0.9 1/T antifoaming agent (0.01 gal/sack) 

- fluid loss-control agent (hydroxyethylcellulose) 

- PLAC (TM) = fluid loss-*control agent 

- Ty « Yield value 

- PV » Plastic viscosity 

PMS 1 a "CHRYSO GT" produced by the Cordal company 

- 'PMS 2 »' "MELHENT L 10* produced by the SKW cosqpany 

- * aqueous solution at 20% by weight 

- ** aqueous solution at 40% by weight 

NOTE : 

For tables II to' V : 

1 gal/sack = 88.81 1/T 

1 lbs/100 sq.ft ^ 0.479 Pa 

1 ppg ° 0.1198 g/cm^ 



Test 


PMS I 


PMS 2 


PNS 


FLAG 






★ 




k 












oal/aaek 


1/T 


^al/sack 


1/T 


aal/sack 


% BWOC 


1 










8.9 


0.1 


0.6 


2 






8.9 


0.1 






0.6 


3 


8.9 


0.1 










0.6 


4 










6.7 


0.075 


0.8 


5 










13;3 


0.15 


0-8 


6 










26.6 


0.3 


0.8 


7 






13.3 


0.15 






0.8 


8 


13.3 


0.15 










0.8 
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imifi T front.?) 
Rheology of mixture rheology at 74*C (165*F) 

6 



IS 



Test 


Pa ibC/ 


PV 
CP 


Ty 

Pa Xbt/ 


PV 


Fluid 

ioas 




XOOft* 




lOOCt^ 


(fliPa.s) 


mX/30 

(API) 


1 




NOT 


?UMPABLS 






2 


6.9 14.4 


89 • 


5.6 11.8 


70.6 




3 


11 22.9 


94.7 


6.5 13.6 


78.3 




4 




NOT 


PUMP ABLE 






5 




NOT 


PUMP ABLE 






6 




NOT 








7 


16.3 34.1 


129.3 


8 16.8 


99.3 


68 


8 


11.5 24.0 


127.2 


^,3 13.1 


91.7 


56 
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TABLE » 



Ru]d loss 
control additive 

% 


Dispersant 
gal/sack 


Slurry 
weight (in 
9.) 


Setting 
timo 


0 


0 


14.0701 


8H65 


0.6 


0 


14,0038 


14H24 


0.6 


PN$0.3 


14.0019 


22H58 


0.6 


PMS o.e 


14.8839 


14H24 



40 



45 



BQ 
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Dfsparsent 


NaCI%bwow 


Yield value (n 
lbs/1 OOsqft 


Plastic 

viscosity \n 
cP 


A) 


PNS 


0 

30 


4 

29.55 


67.99 


B> 


PM8 


0 

30 


8.54 


72 

66.48 




10 min. get 


Tickening time 
inmrnut09 


Ru[d loss fn 
ml/30 mIn. 


Comment 


A) 


5 
18 


294 


30 


1 


B) 


7 
35 


194 


26 





1 Qel against tho walls of the cup 



TABLE IV 



Oispsisant 


Density rn 


Yield value 


Plastic 


lOmln, 


Sad. 


Thickening time 


ppg 


Ibs/lOOsqft 


\^scosity in 


gel 


mm. 


!n minutes 








CP 








PNS 


14.00 


2.39 


2J4 


5 


30 






15.80 


3.07 


6^0 


5 


0 


358 




16.40 


2<33 


13^8 


7 


0 


310 




laoo 


2,8r 


95.71* 


16 


0 




PMS 


14.00 


2.65 


3.32 


4 


10 






15.80 


3.69 


13.04 


10 


0 


225 




16.40 


4.59 


21 


14 


0 


195 




laao 


12.81' 


93.38' 


58 


0 
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TABLE V 
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DIsporsant 


uonconuouon in 


VtalH UAlua 
T leiW V4UU9 


Plastic 


10 mln. 


Sed. 






viscsosltv In 


oel 


mm 








CP 






PNS 


0 


15^ 


2S.09 


18 


0 




0.05 


25.51 


27.70 


15 


0 




0.10 


43.49 


29.04 


21 


0 




0.15 


37.49 


58.28 


23 


0 




0^ 


43.42 


81.96 


25 


0 




0.25 


40.41 


98.34 


30 


0 


PMS 


0 


15.83 


26.09 


18 


0 




0.10 


21.70 


31.09 


19 


0 




0.20 


29.72 


25.85- 


21 


0 




0.30 


16.77 


27.52 


21 


0 




0.40 


8.92 


21.19 


15 


0 




0.50 


6.05 


20.85 


11 


0 



Claims 
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1) Dispersing agent for oflfield and analogous cement slurries characterized by its consisting of a 
melamine -aj j fonlte a nd a formaldehyde condensation product ttjolymelamlne sulfonate or PMS) and 
particularly its sodium salt fom> {Na PMS). 

2) Additive for ollffeld cement slurries and the Hke, characterized l)y its consisting of a comkrfnatlon I) of 
3a a condensation product of melamlne-sulfonate and formaldehyde (polymelamlne suHonate or PMS) oc of Its 

sodium salt (Na PMS) with ii) hydroxyethyl cellulose. 

3) Slurries for the cementfng of oil. gas, steam, or water wells, or geothermic boreholes, characterized 
by their containing Iwtween 8,9 and 18.3 I of an aqueous solulion which is 20% PMS by weight per T of 
cement (approx. 0.1 0.16 gal/sack). 

3$ 4) CementsUtfTles according to claim 3, characterized by their containing uo to approxImatBly 30%. 
prefer^ly f8^, "mlcro^sHica" (micro sinca. colloidal silica, siQca flour, diatomaceous earth or jly ash with 
particle dimensions between O.OS micron and 5 microns , preferably between apprac. 0.1 and 2 micfons) by 
weight of cement. ^. . - ^ 

' 5) Cement slum'es according to claim 4, charactsrizad by micro silica pwtlcle dimensions of approxl- 

40 mately 0.1 micron. . . ^ • 

6) Cement slurries according to any one of claims 3 through 5 characterized by therr further containing 
conventional additives such as antlfoaming agents, set retarding agents or similar substances. 

7) Cement slurries for the cementing of oil. gas. steam, water of goethennal wells, characterized In that 
they contain an additive accon£ng to claim 2. 

49 8) Borehole cementing process for oil, gas, steam or water wells, geothermic boreholes or analogous 
wells, characterized by the pumping of any of the slurries according to claim 3 through 7. 
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